The campus of Chittagong University in Bangladesh is rich in forest ecosystem. The campus has large area with vast tract of land planted with valuable timber tree species. The present study identifies and discovers the potential growing stock of the plantations in the campus area. This Growing stock was measured in three parameters viz. volume, biomass and organic carbon stock. Study identified thirty three economically valuable forest tree species in the plantations of Chittagong University. Out of three growing stock parameters, volume of timber was found to be low in indigenous tree species in the plantation sites other than exotic species. This might be due to their slow growth rate and low density in the plantation sites. However, biomass and organic carbon stock of trees per hactre area showed that indigenous species gather and sequester more timber and carbon respectively than introduced species. Plantations of Chittagong University campus can acquire 25.51 m 3 /ha volume of economically important tree species, where biomass and organic carbon stock is 222.33 tonne/ha and 107.48 tonne/ha respectively. This result shows a positive impression on the plantation site to be considered as good forest reserve.
Introduction
An ideal forest consists of three components one of which is growing stock (Davis 1966) . Growing stock is the sum (by number or volume) of all the trees growing in the forest or a specified part of it (Prakash 1986 ). In any healthy forest, growing stock can be measured by volume, biomass or its carbon content.
The Study was conducted in the campus of the Chittagong University, Bangladesh. Chittagong University campus has a healthy forest plantation area where the campus belongs 1,271 acres of land (Islam et al. 1979) . The original vegetation is highly eroded due to biotic interaction. Then it is converted to secondary forest with weedy environment such as thickest with a few scattered trees, thatching grasses and some bamboos (Anon 2002) . A total of 665 species under 404 genera and 126 families are present in Chittagong University campus (Alam and Pasha 1999) . Forest plays an important role in global carbon sequestration (Rawat et al. 2003) . Brown (1996) reported that a hectare of actively growing forest can sequester 2-5 tonne of carbon per year. The plantations of the campus may be a good reservoir of organic carbon (Miah et al. 2011) .
With a huge pool of existing plantations and natural forests in Bangladesh, it can be assumed that Bangladesh is playing a major role in mitigating global warming. To realize the potential of the forestry sector in Bangladesh for full-scale emission mitigation, understanding carbon sequestration potential of different species in different types of plantations are important (Miah et al. 2011) . Islam et al. (1979) described that primary forest of the hills was cleared long ago and presently covered with secondary vegetation such as thickets with a few scattered trees, thatching grasses and some bamboos. Pre existing natural forests were cleared and presently they are almost left unproductive. The condition resembles to the most of the unclassified state forest (USF) of the Chittagong Hill tracts (CHTs). In a view to have quick vegetation cover in these barren hills both the indigenous and exotic species have been tried to grow. The valleys are locally under short grasses and reeds. A large part of them is cultivated mainly for rice. Most of the presently fallow land is valleys used to be cultivated before the university took it.
The forests of Chittagong University are fall under the tropical wet Evergreen forests and the tropical semi evergreen forests (Anon 2011) . The university authority first initiated a small scale plantation program in 1973. Except for roadside plantation, the progress was slow till 1982. Then an afforestation program was taken by the then IFCU in 1982. After this plantation program IFESCU started year wise plantation activities in different places in the campus area (Anon 2011) . Almost all the tree species are planted as a part of afforestation programme (Akter et al. 2011 ). Alam and Pasha (1999) conducted a study on the angiosperm plant diversity of Chittagong University Campus through repeated field trips in different seasons during the last 20 years. An extensive survey and collection of angiosperm flora were made throughout the area. A total of 665 species under 404 genera and 126 families are presented, of which 550 species belonged to dicotyledons and 115 species to Monocotyledons. The plants were analyzed according to their habit types. The number of tree species was 103 in dicotyledons and 4 in monocotyledons. Present study finds some authentic information about the growing sock of economically important tree species habituated in the campus.
Materials and Methods

Study site
The Study was conducted in the campus of the University of Chittagong. (Islam et al. 1979 ).
Sampling and design of plots
The plot was determined through Gareth's method (Gareth 1991) . For sampling tree species 10x10 m plot were determined. Complete Randomized Block Design (CRBD) was followed for taking samples from the sample plots (Akter et al. 2011) . The plot were laid out in the field through measuring tape and peg were used in each corner of the plot, within plot diameter at breast height (1.3 m) were measured by using diameter tape. Total height was measured using Spiegel Relaskope. Wood sample from main bole of the trees were collected by using wood borer.
Volume calculation
After collection of field data, data were compiled and proceed with the help of computer. The basal area per tree and volume per tree was calculated by the formula given by Chaturvedi and Khanna (1982) :
Basal area per tree=3.14xD 2 /4 ······························ (I)
Where, D=Diameter at breast height in meter
Where, H=Total height in meter
Then from the basal area and volume of individual tree, total basal area of each species were calculated and then converted to the basal area per hectare and volume per hectare for each species.
Biomass estimation
As the study was conducted in the forest and individuals of 33 tree species were measured in the sampling plot. It was not possible to cut all the trees and estimating biomass of trees. Some models were developed by Brown (1997) , Luckman et al. (1997) , Negi et al. (1988) and Brown et al. (1989) . In the present study Models of Brown et al. (1989) was used to determine above ground biomass because this method is the most suitable method for tropical forest (Alves et al. 1997; Brown 1997; Schroeder et al. 1997; Miah et al. 2011; Ullah and Al-Amin, 2012) . This is the simplest method of estimating forest tree biomass in the tropics as it requires only tree diameter at breast height, total height and wood specific gravity. While other models or regression equations require sectional diameter, this simply deals with diameter at breast height. S=Wood density in units of tonne/m 3 for a specific species (Brown 1997; Sattar et al. 1999) . Using these models above ground biomass of each trees were estimated. From above ground biomass of each individuals mean biomass of each species were calculated and each individual biomass was converted to tonne/ha for each species and mean was calculated and added each individuals of a species to get total above ground biomass of each species.
Below ground biomass was calculated considering 15% of the above ground biomass (MacDicken 1997; IPCC 2003; Miah et al. 2011) . Below ground biomass was calculated for each individual. Above and below ground biomass of trees were added to get total biomass of trees.
Organic carbon measurement
This method is known as Loss on Ignition Method (postulated by Allen et al. 1986 ; supported by Alamgir and Al-Amin 2007 and Ullah and Al-Amin 2012) . During field work sample from each tree was collected. After taking the fresh weight of samples using electric balance, samples were dried at 65 o C in the oven for 48 hours and dried weight of each sample was taken. Dried samples were grind into fine powder. Then porcelain crucibles were washed with 6N HCL and distilled water and dried in an oven at 65 o C for 1 hour. Oven dried grind samples are taken (1.00 g) in pre-weighted crucibles. The crucibles are placed in the furnace. Then the furnace was adjusted at 550 o C, heating was increased slowly and after reaching at 550 o C, ignition was continued for 1 hour. The crucibles were cooled slowly keeping them inside the furnace. After cooling, the crucibles with ash were weighted and percentage of organic carbon was calculated. This method is supported by Alamgir and Al-Amin (2007); Ullah and Al-Amin (2012) and Miah et al. (2011) in international peer reviewed journal articles and books. The formula and symbolic calculations are given below which were formulated by Allen et al. (1986) is given below: /ha volume has been gathered in the campus plantations. Table 1 shows volume per hactre area of thirty three economically important tree species found in the study area.
Biomass
While volume was low for indigenous species per hectare basis, biomass of trees per unit hactre is it is higher than exotic tree species. Highest biomass content was existed in Table 2 shows how much dry matter content (biomass) can be stored in different planted tree species in the campus area. While calculating biomass content in the forest of Chittagong hilly regions of Bangladesh, Miah et al. (2011) found that the average highest biomass carbon content (145 tC ha -1 ) was in the Aphanamixis polystachya stands, and the lowest (43 tC ha Alamgir and Al-Amin (2007) found that mean total biomass was highest in Ficus bengalensis (6.21 tonne/tree) and lowest in Pterocarpus indicus (0.05 tonne/tree) in Chittagong (South) Forest Division. Another study conducted by Ullah (2010) concluded that in Tankawati Natural Forest of Bangladesh total ground biomass was highest in Ficus bengalensis (3,580.28 kg/tree) and lowest in Albizia falcataria (38.68 kg/tree).
Organic carbon stock
The mean organic carbon (tonne/ha) in thirty three tree species studied is summarized in Table 3 . Results show that some species like Albizia lebbeck, Dipterocarpus turbinatus, Chickrassia tabularis, Artocarpus chaplasha, Albizia procera, Albizia richardiana etc. can sequester more than 150 tonne organic carbon per hactre area. All these species are purely indigenous. Therefore, they have the ability to store more carbon and act as sink than exotic species in plantations. However, on an average 107.48 tonne/ha organic carbon has been stored in the campus. This figure is very much impressive and the site might be considered as a potential carbon sequestration zone of the country. Table 3 shows the mean organic carbon stored per hactre area in the plantations of thirty three economically important species.
Studying plantations in the Chittagong hilly regions, Miah et al. (2011) found good reserve of forest trees. Study found an average of 92 t/ha organic carbon content in hill forest of Chittagong.
Study conducted by Chavan and Rasal (2010) found that mean above ground, mean below ground and mean organic carbon stock in Albizia lebbeck was 1.18, 0.17 and 1.35 tonne/tree respectively. And in Cassia fistula it was 0.55, 0.08 and 0.63 tonne/tree and in Dalbergia sissoo 0.46, 0.06 and 0.53 tonne/tree correspondingly. Akter et al. (2011) found that mean organic carbon (kg/tree) was highest for Shorea robusta (185.03 kg/tree) while for Hopea odorata and Dipterocarpus turbinatus it was 167.51 kg/tree and 142.64 kg/tree respectively in Dipterocarpaceae plantations of Chittagong University campus. Above ground, below ground and total biomass organic carbon (tonne/hm 2 ) was highest in Dipterocarpus turbinatus (7.9, 1.18 and 9.08 tonne/km 2 ) in Chittagong (South) Forest Division (Alamgir and Al-Amin 2007) . Total carbon sequestration in Schima-Castanopsis forest, Nepal is 178.52 tonne/ha (Shrestha 2009 ). The weighted mean carbon concentration of Pinus pinaster reached 53.6% in the shoots and 51.7% in the roots. The carbon content in the pine stand was 74 tonne carbon per hectare (Bert and Danjon 2005) . Well-stocked forests typically sequester carbon at a maximum rate between age 10 and 20-30 years. As an indication, at age 30 years about 200 to 520 tonnes CO 2 equivalent (one tonne of C=3.67 tonnes of CO 2 equivalent), are sequestered per ha in forests with productivity ranging from low to high. The sequestration rate slows gradually at about 80 to 100+ years of age, and then flattens out as growth is balanced by decay (Johnson and Coburn 2009). Pine, oak, fir and pine-oak forest of Mexico presented the highest total carbon stocks with values ranging between 220.7 and 266.9 Mg C/ha; degraded forest contained 169.2 Mg C/ha; plantation 142 Mg C/ha; avocado orchards reported 156.1 Mg C/ha; scrublands 121 Mg C/ha; grasslands 90.8 Mg C/ha and agriculture 82.7 Mg C/ha (Ordonez et al. 2008) . Ullah and Al-Amin (2012) found biomass tree organic carbon to be 110.94 tㆍha -1 in a purely natural forest where no plantations were ever held, which shows less than the University plantation. Thus, plantations tree species gather higher organic carbon than pure natural stand.
Conclusion
The study concludes by estimating growing stock of thirty three economically important plantation tree species in the Chittagong University Campus. Growing stock in three parameters viz. Volume, Biomass and Organic Carbon Stock has been calculated and found to be impressive for establishing and conserving the area as ecologically important. The campus might be considered as a good growing forest rich in growing stock. These forest plantations might be used as carbon forest to trade carbon in future. The study may be helpful to estimate growing stocks in these three parameters in other plantations of Bangladesh as a generic methodology. It will facilitate to get a more complete understanding of the organic carbon sequestration potential of different types of forests and plantations of Bangladesh. Study revealed that, plantations areas of Chittagong University campus can be a model for conducting research in forestry related studies which will help graduates to complete their projects easily without going elsewhere.
